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@ Data transmission in a radio telephone network. 

@ For bidirectional transmission of packet data, 
a packet data service unit (Agent) is in a digital 

^ cellular system connected to be in association 
with a Mobile Switching Center, said unit con- 
necting the cellular network to the data net- 
work. As a mobile station is connected to the 
packet data service unit, signalling related to 
connection formation characteristic of the net- 
work is first accomplished. As a result thereof, 
the mobile station and the data service unit are 
provided with a number of stored parameters of 
each other. Such situation is called virtual chan- 
nel. When a mobile station wants to transmit or 
receive data packets, between the mobile sta- 
tion and the data service unit a packet data 
transfer channel is established making use of 
the data of the virtual channel and thereby, 
using substantially less signalling than the 
channel establishment signalling characteristic 
of the network, one part thereof being a radio 
channel and the other part a time slot in a digital 
trunk line. On terminated data packet transfer, 
at least said radio channel is disassembled but 
the virtual channel is maintained untfl the dis- 
connection of the mobile station from the data 
service. 




Fig, 1 B 
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The present invention relates to the transmission of data in a radio telephone network. 

An example of a radio telephone network, in this case a conventional digital cellular network, is shown in 
Fig. 1 A. The network comprises Base Station Controllers BSC, each of which control a number of Base Trans- 
ceiver Stations (BTS). The BTS and the mobile stations are connected via a radio communications channel. 
5 The Base Station Controller and the base stations with which it is connected form a Base Station Subsystem. 
The BSCs are connected to Mobile Switching Centres (MSC) via digital trunk lines which control the base sta- 
tion subsystems. The MSCs route communication traffic to general PSTN or private networks (such as LAN). 
A Base Station Controller may also be physically located with the Mobile Switching Center. The service range 
of a base station forms a cell and a Mobile Station within the service range Is typically served by the base 
10 station. The mobile station is able to move from one cell to another and roam from under the control of one 
base station controller to be under the control of another controller without losing a connection to the radio 
telephone network. 

In known cellular networks data information can be transmitted between the home network of a mobile 
station and a terminal or destination network. The terminal network can include a home network, another nef- 

15 work of the same system, a f ixed telephone network, or a data network. The network services typically include 
synchronous and asynchronous circuit-switched data transfer from the cellular network to the external tele- 
phone network PSTN, to a circuit-switched data network or an ISDN network. Suggestions have also been 
made on implementing asynchronous packet switching to an external packet switched data network- 
As shown in Fig. 1A, data transmitted by a mobile station enters a data Inter Working Functions unit, IWF, 

20 associated with the Mobile Switching Centre, from there via a modem to the Centre wherefrom it is further 
transmitted, e.g. via the PSTN, to a target means or target clata network, such as a private LAN network. The 
transition network is thus the general telephone network. 

Atypical method of data transmission between networks and also within a network is circuit switching, in 
which a transfer channel is established for the transfer of data. Establishing a channel is a time-consuming 

25 operation and requires a lot of signalling, such as sending a control channel request and assignment of a chan- 
nel, authentication checks, installation of an encrypting mode and others, before the channel is set up for trans- 
ferring data information. Circuit switching, when applied for data transfer, is uneconomical since the transfer 
needs a wide frequency band. Also user is charged irrespective of whether data is transmitted or not. This is 
because in a circuit-switched network the channel has to be maintained until all data information has been 

30 transmitted, which regarding the capacity is uneconomical. Since charging of the user is usually based on the 
length of the reserved connection time in the circuit- switched network, the user is obliged to pay for "nil" be- 
cause the time used for the actual data transfer is a minor part of the total connection time. Typically, cellular 
networks have primarily been optimized for speech transfer, and for that purpose, circuit-switched data transfer 
is appropriate. 

35 In digital cellular network, such as In the European GSM network and In the American network of the 

EIA/TI A (Electronic Industries Association / Telecommunication Industry Association) standards, suggestions 
have been made on data communication as packets, as so-called packet data e.g. in the patent US 4,887,265. 
It discloses a system in which several mobile stations send packet data to one base station using the same 
channel. When the base station controller receives an assignment request for a data channel from the mobile 

40 station. It transmits a channel assignment to the mobile station, whereby the mobile station moves on that data 
channel. The same channel is also available for use for ail other mobile stations within the range of said cell. 
A request, a channel assignment and transfer on a channel require a considerable amount of signalling. Hand- 
over of a data connection from one base station to another Is also possible In said system. In the system dis- 
closed by said patent, a permanent channel is provided for packet transfer, being constantly available, Irres- 

45 pective of a momentary need. 

According to a first aspect of the invention there is provided a radio telephone system comprising: 
a mobile station; and 

a fixed station, wherein a parameter of the mobile station for setting up a data communication channel Is ca- 
pable of being stored by the fixed station and a parameter of the fixed station for setting up a data communl- 
50 cation channel is capable of being stored by the mobile station, for forming a virtual data communication chan- 
nel between the mobile station and the fixed station, thereby expediting establishment of a real data commu- 
nication channel. 

According to a second aspect of the invention there is provided a method of transmitting data in a radio 
telephon network comprising: 
55 storing a parameter of a mobile station for setting up a data communication channel at a fixed station; and 
storing a parameter of the fixed station for setting up a data communication channel at the mobile station, for 
forming a virtual data communication channel between the mobile station and the fixed station, thereby ex- 
pediting establishment of a real data communication channel. 
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According to a third aspect of the invention there is provided a radio telephone adaped to store a parameter 
for setting up a comnnunication channel of a fixed station for forming a virtual data communication channel 
with the fixed station thereby expediting establishment of a real data communication channel. 

These aspects of the invention provide the advantage that a real data communication channel can be es- 
5 tablished quickly and when a mobile station desires to transmit data. In between the transmission of data the 
real data communication channel can be switched to a virtual data communication channel ready for quick re- 
establishment Thus, a communication channel does not have to be continually open, even during no actual 
transmission of data. Thus, the costs of transmitting data are reduced. 

Alternatively, the virtual data communication channel can be fonmed if a mobile station having data trans- 
10 mission capability registers with the fixed station, or if a mobile station registered with the f bced station requests 
a data communication channel. An advantage of forming a virtual data communication channel only when a 
mobile station requests a data communication channel is that unnecessary signalling is avoided. 

. Optionally, the data communication channel can be a channel usually reserved for speech transmissions, 
or signalling or control transmissions. A particular advantage of using signalling or control channels is that the 
15 transmission of data does not reduce the number of speech channels available to the users of the system. 

Advantageously, the data communication channel is adapted for transmitting packet data, which is a trans- 
mission form particularly suitable for use with a data communication channel which can quickly be opened or 
closed. 

Another advantage Is that data packets can be created at the mobile stations and transferred directly to 
20 a data network without the need for transition networks, such as Packet Assembler/Disassemblers (PADs) or 
using the PSTN, Additionally, the mobile station itself can receive packet data, i.e. the system is bidirectional. 
An appropriate existing cellular system currently in use is, for instance, the European GSM system. 
Embodiments of the invention will now be described by way of example only and with reference to the draw- 
ings, in which 



25 Fig. 1 presents a cellular network. 

Fig. 2 is a schematic presentation of the logical channels of the GSM system. 

Fig. 3 illustrates the configuration of a channel request. 

Fig. 4 presents the starting signalling of a virtual channel, 

Fig. 5 presents the steps of transferring packet data, 

30 Fig. 6 presents the terminating signalling of the virtual channel. 

Fig. 7 presents a phase after a channel has been assembled. 

Fig. 8 is a diagrammatic presentation of a base station. 

Fig. 9 illustrates mobile phone originated data transfer. 

Fig. 10 illustrates data transfer terminating in mobile phone, 

35 Fig. 11 presents a format of a packet data message. 

Fig. 12 presents a format of another packet data message, 

Fig. 13 presents an order of a RACH frame for a standard burst, 

Fig. 14 presents the phases of a packet data transfer, and 

Fig. 15 presents signalling when a connection is broken at interfaces. 



40 In a particular example of a cellular network, the physical channel of a mobile station and a base station, 

that is, a radio frequency channel,' consists of consecutive frames which in turn consist of time slots, in one 
of which the transmission is performed, the reception in another, in another listening to paging calls, etc. The 
respective time slots constitute a logical channel, of which a great number there may be available. 

In digital cellular networks, a mobile station can send and receive data on a traffic channel particularly 
45 intended for speech and data transfer. Both of them cannot be transmitted simultaneously but the user or the 
network makes a selection which thereof is to be transferred. Data as well as speech are sent as bursts on a 
radio channel. This means that in a transmission time slot a brief data burst is transmitted In the middle of the 
time slot so that a considerable part of the total time used for transmission means the time between the bursts 
when no information is transferred, 
50 A particular type of data service known as packet data service has been defined in the GSM network. In 

said service, the number selected by a data transmitting mobile station informs the network that a circuit- 
switched connection has to be created to a pack t assembling or disassembling unit performing the connection 
with a data network, such as X.25, which can be a Packet Assembler / Disassembler or a Packet Handler. The 
Packet Assembler / Disassembler can be placed in association with or also behind the ISDN network. The mo- 
55 bile station sends data as continuous data flow, not as packets, to PAD or PH, which forms the data packets 
and transmits them onwards via the data network to the target. If PH is a so-called Basic Packet Handler, the 
data connection is always located via a given point PH, even in any network. The Basic Data Handler also sup- 
ports the mobile terminated direction in data transmission. On the other hand, th mobil terminated direction 
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is not supported by the so-called dedicated Packet Handler, nor PAD. The traff ic between the mobile station 
and the packaging means imitat s synchronous or asynchronous data transfer, wherebelow a radio traffic pro- 
tocol RLP is located. 

In the data packet service of the GSM network no packets are produced in the mobile stations, but in PAD. 

5 The traffic is unidirectional also in the sense that the connection is mobile station-originated, i.e. the station 
should send a request to the network for creation of a data connection. No packets can be sent to the mobile 
station unless the station itself has first requested the opening of a line. It is also to be noted that data is con- 
ducted via the telephone network, the pricing of the data transfer whereof being much higher than pricing of 
transfer within a data network. 

10 The sending and reception function of data packets can be arranged to be positioned in ail nx)bile.stations 

or in some of them only. For the mobile stations without such function, a packet data transfer is to be completely 
opaque so that mobile stations of different types are enabled to function without any problems in the network 
simultaneously. Thus, the packet data feature is an additional service provided by the network, though requir- 
ing that the mobile station possesses a property to use such service. The Implementation of the system must 

15 be such that it requires only a few changes in digital cellular systems in current use and, as an additional feature, 
it is well appropriate for use in current systems such as GSM, DCS 1800 operating in 1.8 GHz range or PCN. 

In new networks a so-called Short Message Service is most often determined, wherewith a mobile station 
is enabled to transmit and receive temporally short messages. Atransfer of a short message requires, however, 
a standard connection formation routines, thus requiring part of the frequency band, thus limiting the amount 

20 of data to be transferred. 

For transferring packet data no allocated radio channel and data route via the network are maintained con- 
tinuously. In accordance with the invention, a virtual channel is arranged for data packet transfer in the network 
between the mobile station and the Mobile Switching Center. When a phone provided with a packet data func- 
tion enters the range of the Mobile Switching Center, assigned as a user of the packet data service, all nec- 

25 essary signalling is executed, whereafter the Center, or more specifically, the packet data service unit (Agent) 
in association therewith is provided with all the information it needs concerning the phone and establishing a 
true transfer channel. Such data, containing in fact information about the location of the phone, is called a vir- 
tual channel. The virtual channel is thus a virtual connection between the mobile station and the data service 
unit, enabling fast transition into data transfer mode, paying regard to the parameters stored in the memories 

30 of the mobile station and the data service unit. When packet data has to be transferred from the phone to the 
network, or vice versa, no complete signalling is needed between the phone and the Center, since that was 
carried out earlier; instead, a true transfer route can be set up extremely fast and with very low-level signalling 
between the mobile station and the packet data service unit (Agent), whereon the packets are transferred. 
The transfer route, or at least the radio channel, is released as soon as there is no packet data to be transferred. 

35 Instead, the virtual channel is kept in constant preparedness as long as the mobile station is listed in the data 
service. In accordance with the present invention, a very rapid connection to the packet data transfer mode 
can be made, and the transfer route is kept reserved only when there is something to be transferred. 

A means to control the transfer of packet data is arranged to be in conjunction with the Mobile Switching 
Center, and is known as a data service unit (Agent), which can be a computer or a process. It is a data service 

40 center provided with a number of connection services and which has access to other networks and the services 
thereof. The agent has been placed logically in association with a Mobile Switching Center MSC, though the 
physical location can be inside the Center as part of the processes thereof or outside the Center in the form 
of one or more computers connected via a transmission link to the Center. The basis of the Agent is an Interface 
Unit IFU connecting the cellular network to another network, such as to TCP/IP or OSI network (TCP = Trans- 

45 mission Control Protocol. IP = internet Protocol, OSI = Open Systems Interconnection). Thus, a mobile station 
MS provided with a packet data function communicates by means of the data service unit (Agent) with the other 
networks, and the virtual channel is placed specifically between it and the data service unit (Agent). Therefore, 
each mobile station utilizing the packet data service under the control of the Mobile Switching Center is su- 
pervised by the data service unit (Agent) in association with the Mobile Switching Center. 

50 The agent performs at least some of the following functions: It 

- registers all telephones provided with a packet data f unctton under the control of the Mobile Switching 
Center, 

- informs the phone of a message to arrive, 

- removes the phone from the register after terminating of connection, 
55 - transfers the m ssages of the phone to the rest of the network. 

- transfers the m ssages from the rest of the network to the phone, 

- buffers messages with a view to efficient transmission via the network, 

- when necessary, performs encrypting/decrypting, 
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thereafter in the same way as when desiring to transmit data packets: it transmits a channel request to the 
base station, receives a channel assignment moves on the assigned channel, the traffic channel or the control 
channel, and acknowledges the packet it has received. 

The data route connection between the base station and the agent connected with the Mobile Switching 

5 Center can be implemented in a number of ways. One possibility is to reserve a direct connection and to main- 
tain said connection reserved continuously for packet data traffic. This means an ongoing existence of the con- 
nection so that no extra delays are formed. The connection can be a PCM time slot or several PCM time slots 
in the digital trunk line between the Base Statk>n System, BSS and the Mobile Station Center MSC. When a 
mobile station provided with a packet data reception and transmission property enters the range of the cell in 

10 association with the base station, e.g. BTS1 in Fig. 1 . the network immediately establishes a direct connection 
between the base station and the Mobile Switching Center provided for transmission of packet data. The con- 
nection can be one or several time slots in the PCM trunk line commonly used by all mobile stations provided 
with the packet data function. The entry of the mobile station into the cell is known because it has been trans- 
ferred either as a result of a handover function, or, if entry from outside into the reception area is in question, 

15 or the phone is switched on, the phone is registered in the network. 

In an embodiment such as the one described above the PCM channel within the network is constantly 
maintained but the radio route channel is reserved only when needed. 

The use of the PCM time slots may also be optimized in that a direct connection is maintained only if the 
Base Station System BSS includes existing virtual connections, that is, at least one cell under the control of 

20 ^ the base station controller includes a mobile station connected to the packet data service, being in readiness 
to receive and transmit packet data. The direct connection is disconnected when no users of the service are 
found to be in the range of the BSS, and It is set up again when a first mobile station Joins the packet data 
service. 

A second possibility is that connections between the network and radio path are assembled and disas- 
25 sembled when need be. The examples described below include the connections provided according to said 
second possibility.. 

Fig. 1B shows a typical cellular network such as a GSM network provided with a data packet service in 
accordance with the invention. A data service unit (Agent) has been connected to a Mobile Switching Center, 
from where the packet data are conducted directly to a data network according to the OSI or TCP/IP protocol, 
30 and from there to a target network, such as a LAN. A difference between this network and the network of Fig. 
1 A lies in the fact that no data passes via the circuit-switched telephone network PSTN. 

According to Fig. 2, the logical channels are divided into traffic channels TCH and control channels CCH. 
The traffic channels are intended for transferring coded speech and data. Each of them can be transferred at 
full rate or half rate. The control channels CCH are intended to transfer signalling and synchronization data, 
35 and three types of channels can be distinguished thus: Broadcast Channels, Common Channels and Dedicated 
Channels. Below, "uplink" refers to the direction from a mobile station to a base station and ^'downlink" the 
direction from a base station to a mobile station. 

The Broadcast Channels comprise the following: 

- a Frequency Correction CHannel, FCCH, transferring frequency correction data to the nrK»bile station, 
40 downlink, 

- a Synchronization CHannel, SCH, transferring synchronization data to the mobile station and identifi- 
cation data of the base station, downlink 

- a Cellular Broadcast CHannel, CBCH, short message service, bi-directional channel, and 

- a Broadcast Control CHannel, BCCH. transferring general information on the base station, downlink. 
45 The Common Channels comprise the following: 

- a Random Access CHannel, RACH, uplink direction only, on which the mobile stations send a request 
for a dedicated channel 

- a common Paging CHannel, PCH, whereby a base station sends a paging to a mobile station to inform 
of an incoming call, the channel being in downlink direction only, 

50 - an Access GrantCHannel. AGCH, whereby the base station reports of a Stand-alone Dedicated Control 

CHannel, SDCCH, or directly of a Traffic CHannel, TCH, said channel being only downlink. 
The Dedicated Control CHannels comprise the following: 

- a Stand-alone Dedicated Control Channel, bi-directional, and 

- a Slow Associated Control Channel and a Fast Associated Control Channel, the channels being bi-di- 
55 rectional. 

In accordance with the present invention, a Traffic CHannel (bidirectional), TCH, a Paging CHannel, PCH, 
(unidirectional, downlink), a Random Access CHannel, RACH, (unidirectional, uplink), and an Access Grant 
CHannel, AGCH, (unidirectional, downlink) are made use of. Channels of equivalent types can also be found 
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in digital cellular systems other than GSM. 

The mobile station listens to th Broadcast Transmission Control CHannel BCCH transmitted continuously 
by the base station of the cell and is therethrough informed of a packet data service being engaged in the net- 
work. Another procedure is that the mobile station requests on the Cellular Broadcast CHannel by transmitting 

5 a short message service whether the packet, data function is in use in the network or not. The base station 
sends a short message response on the same channel. 

When a mobile station sends a request to be a user of a packet data service, a message sequence as 
shown in Fig. 4 is carried out therebetween and the Mobile Switching Center. The events are read from top to 
the bottom. After the channel request transmitted by the Mobile Station an immediate assignment of the control 

10 channel follows (FACCH), and on the assigned channel the authentication of the requester is checked (the 
network inquires on the authentication data and the mobile station send a response), encryption Is started, 
and an interim identification number TMSI is allocated. A Radio Link Protocol is established and maintained 
thereafter permanently. This means that in the course of a session the transmission of data packets can be 
performed without reassembling the radio link protocol. The data service unit (Agent) in association with the 

15 Mobile Switching Center controlling the packet data service is informed, thus transferring the control of the 
mobile station under the control of its own. The data service unit is now able to detect the mobile station and 
carry out the encryption and authentication without extra signalling. The virtual channel from the Mobile 
Switching Center to the mobile station has now been assembled. The radio link protocol is not disassembled 
before the end of the session (the phone is released from the data packet service) whereby the virtual channel 

20 is disassembled. 

When a mobile station wants to transmit data, It transmits a request to set up a transfer channel for real 
packet data. The request is transmitted on a comnrran Random Access CHannel RACH which is similar in con- 
figuration to the one shown in Fig. 3. By means of the first three bits of the message the nature of the connection 
Is determined, and sequence 001 referring to a request to set up a data packet connection. The end of the 

25 message is a random reference number. The message is a modification of a standard GSM message. The 
base station receives the request, and after coding the sequence, it informs the mobile station on which control 
channel the signalling to be performed next is carried out and on which transfer channel the transfer of the 
packets is to take place. Said phases are described by the two topmost phases in Fig. 15. The transmission 
channel has been assembled from the mobile station to the base station controller. On a channel produced 

30 as above, the mobile station transmits first control messages, the third phase in Fig. 1 5, wherewith a data con- 
nection from the station to the data service unit (Agent) is provided, whereafter the channel from the mobile 
station to the agent is complete for data transfer. 

When a true channel, the first part thereof comprising a radio channel and the latter part a PCM time slot, 
has in the above described manner been established between the mobile station and the base station, the 

35 mobile station is able to transmit immediately packet data on said channel. After a demand on data transmis- 
sion by the network the station transmits data packets, the network acknowledges the packets and sends re- 
quests for a repeated transmission if a transmission has been defective. The phases up to that point are pre- 
sented in Fig. 5. 

After transmission of all packets, the mobile station sends a request to the network to disassemble the 

40 true connection- After receiving the request the network sends an order to the mobile station to terminate the 
data activities, and the station acknowledges termination of said activities. The phases are presented in Fig. 
6. The data packet transfer channel to the base station controller BSC and from there on to the data service 
unit (Agent) is disassembled. If a method based on direct PCM connection is used, said channel is left on. 
Transfer of packet data may also be directed at the mobile station (i.e. it is mobile terminated). A base sta- 

45 tion sends on a common paging channel a paging to a mobile station, informing of a packet data transmission 
on the way. The mobile station then sends a channel request signal to the base station on the common Random 
Access CHannel RACH, whereby the process from that moment onwards is the same as in the mobile oriented 
case described above: establishing a virtual channel and immediate reception of packet data. In Fig. 7. each 
of the cases are presented step by step. 

50 Fig. 8 shows a block diagram of a base station related to the present invention. 

The base station includes several parallel branches formed by the Framing Unit and the Transmitter / Re- 
ceiver Unit RX/TX. A Base Band Interconnection Element connects the base station to a digital PCM link. Part 
of the channels of th link are reserved for signalling and the rest for data transfer. The digital signals from the 
PCM link are conduct d to the Framing Unit in which they are arranged into TDMA frames, channel-coded; 

55 interlaced and transmitted as bursts onto the radio path via antenna TX. Prior to the transmission, the bursts 
have been modulated in the transceiver unit RX/TX and transferred to a carrier wave frequency. When th 
base station receives a TDMA signal from the nwbile station, the signal is conducted via the necessary filters 
to the transceiver unit RX/TX where it is demodulated, transfenred to a carrier frequency, and the modulation 
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is indicated. The channel decoding and discharge of interlacing are performed in the Framing Unit FU. Finalty, 
the data signal is conducted to the PCM line and therefrom via the Mobile Switching Center to the receiving 
network. 

The base station controller produces all messages transmitted to the radio path, and ail received messages 
5 are transferred via the base station to the base station controller. Therefore, compared with the GSM currently 
used, the embodiment of the invention requires only minor changes in the software of the base station con- 
troller. Changes have to be made also in the softwares of the mobile station and of the Center, The mobile 
station has to be able to detect and transmit all messages related to packet data transfer. The messages trans- 
mitted by a mobile station can be originated by the user's keyboard or by a separate data terminal connected 
10 to the station. 

The invention is described above with a view to assembling a virtual channel without mentioning more 
closely on which particular radio channel the transmission of data packets will take place. 

In accordance with the first embodiment, the radio channel reserved for packet data transmission is a traf- 
fic channel TCH normally used for transmitting speech. On terminated transmission said packet data channel 

IS is free for use of any other mobile station. Such first embodiment is described below. 

Reference is made to Fig. 9 showing packet data transfer in mobile station originated mode. The figure is 
equivalent to Fig. 5 and the description thereof, with an additional remark that also a mentioning has been add- 
ed therein on which channel each message is transmitted. So, a mobile station sends a packet data channel 
request to a base station using a common Random Access CHannel RACH, which all stations in the cell use 

20 when requesting a radio channel. The base station replies by a traffic channel assignment on the common 
Access Grant CHannel AGCH, whereafter the packet data transfer and acknowledgement of reception are car- 
ried out on the traffic channel. The paging transmitted on the Random Access CHannel RACH contains a value 
001 in the "Establishment Cause" as in Fig. 3. Said channel paging request is a modification of a standard 
channel paging of GSM system. The value "001 " would mean that the direction of the packets Is from the net- 

25 work to the mobile station. The purpose thereof is so that the value of the "Establishment Cause" field is dif- 
ferent in the mobile originated case and the mobile terminated case is to ensure that the priority of the mobilie 
terminated case Is higher because the network has already been made to prepare a connection. 

The network responds to the paging on the Access Grant Channel AGCH with a message called "Packet 
Data Assignment". The message is a modification from the standard GSM message "Immediate Assignment", 

30 The modification is such that the bit configuration of the "message type" block of said standard message is 
00111101 in the present invention, said configuration not being used for any other purposes in GSM. After the 
message "Packet Data Assignment" the signalling is not continued on the Stand-alone Dedicated Slow Control 
Channel SDCCH, as the case would be in standard traffic channel trafficking, but on a Faster Associated Con- 
trol Channel. This should be Included in the message sent to the mobile station. The standard message in- 

35 eludes an information part "channel descriptksn" and it includes an element "channel type". Said element in- 
forms that the traffic channel has to be connected with. The bit conf iguratton illustrating the full rate traffic 
channel TCH and the control channel FACCH associated thereto is "00001". In said element also the timing 
advance TA and power control are transmitted, these being necessary data for the mobile station. 

When the mobile station has received said above-described modified message, it Immediately moves to 

40 the traffic channel and starts data packet transmission. If the assembly of the connectton between the mobile 
phone and the Mobile Switching Center requires more signalling prior to transfer of the mobile phone to data 
packet transmission, the signalling can be carried out on the full rate control channel FACCH. 

The operating time of the traffic channel can be limited relative to the time available or the number of pack- 
ets. The simplest and most effective method is possibly to transmit ail data from the transmission buffer and 

45 to release the traffic channel TCH after the buffer is empty. Since the reservatk3n of a true channel takes a 
few hundreds of milliseconds, a timer can be provided in the telephone counting the time after emptying the 
buffer. The traffic channel Is not released until a set time has elapsed, not immediately after the transmission 
after the last packet So, a transmission can be repeated or more transmitted (if more data have been accu- 
mulated in the buffer) without setting up a channel. The use of a timer Increases the sense of interaction be- 

50 cause the channel need not be established again and again in each case. If the transmission rate of the packets 
is high, the timer keeps the traffic channel TCH continuously reserved and the user receives the replies im- 
mediately. The time setting of the timer can be set by the user. 

The operator may also select one traffic channel only in the cell for transfenring data packets or equally 
a great number or even all traffic channels. 

55 Fig. 1 0 schematically shows th functions of the first embodiment when packet data are to be sent via the 

network to a mobile station. The only difference to the opposite case is that the network first informs the mobile 
station of the packet data transmission to come. The report takes place on the common paging channel PCH 
in a paging message. When the mobile station has received the paging, the activity Is continued, as in the 
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mobile station originated case, that is, the station transmits a channel request to the base station, and the op- 
eration goes on as described in association with Fig. 9. 

Fig. 11 shows the formats of a packet data message of an arrangement in accordanc with the first em- 
bodiment The packets of the Virtual Channel Protocol, VCP, are produced using the OSI terminology in layer 

5 3, above the link layer, and conducted via Layer 2 Relay Functions, L2R, to the Radio Link Protocol for trans- 
mission via the broadcast interface (radio path). The packet includes a header and a data part. The header 
includes the Identification of the upper level protocol to be used. One of the upper level protocols is the protocol 
of the packet used in the signalling between the station and the agent in association with the Mobile Switching 
Center. Other potential protocols are Internet Protocol (IP), Open Systems Interconnection (OS!) protocol eind 

10 some fax protocols. The operator of the network may also add services of his own to be attended to by the 
Agent, these being provided with kjentif ications of their own. The header may alternatively be also provided 
with a field informing of the length of the packets. The length of the data part of the packets, or the number 
of higher level octets, varies. One packet can be transferred in one or more RLP frame. 

A second embodiment of the invention is described, according to which packet data can be transmitted 

15 either on a traffic channel TCH or on a common Random Access CHannel RACH a channel request, which 
can be, as above, an 8 bit byte with a bit sequence "001" at the beginning. Thereafter, the network transmits 
on the Access Grant Channel, AGCH. a message requesting transmission of packet data, said message l>eing 
a modification of the standard GSM message. The element determining the message type thereof includes 
bit configuration "00111101", indicating that a packet data case is in question. In block "Channel Type" the bit 

20 configuration "00001 " indicates that the mobile station should move to the traffic channel TCH to transfer the 
packet data thereon, and the bit configuration "10000" indicates that it has to stay on the Random Access CHan- 
nel RACH and to transfer the data packets on that channel. The network makes a decision which channel is 
to be used. If the telephone traffic in the cell is large scale, the transmission is carried out on the traffic channel, 
but if it is minor, the Random Access CHannel RACH is used. 

25 The duration of transmission on the Random Access CHannel RACH is limited by means of a timer or coun- 

ter as the Timing Advance, TA, changes very rapidly and the channel reservation occupies the possibilities 
from the others to request for a connection to be formed. 

Fig. 12 shows the formats of a packet data message of an arrangement in accordance with the second 
embodiment. Each frame is provided with an 8-bit ordinal number SN acting as identification of a connection. 

30 It is generated by the base station and transmitted to the mobile station in conjunction with the assignment 
message of the packet data. The identification is released after the connection ends. The identification is for 
the reason necessary that the data included in the same connectk>n with the random access channel and the 
traffic channel can be combined. Fig. 13 presents a case In which packet data are transmitted on a random 
access channel. On that channel the packet data are transmitted as standard bursts, and the figure shows 

35 the equivalence of the RACH channel frame as standard bursts. 

The mobile station is enabled to present in the form of a wish which of the channels it wants to use for 
transmitting data. Each TCH and RACH frame is provided with two command bits, informing the channel of 
the subsequent frame. The connection via the RACH channel can be discontinued if a request to move to the 
traffic channel TCH arrives, and likewise, the connection via the TCH channel can be discontinued if a request 

40 to move to the RACH channel arrives. The command bits C at the ends of the frames are available for use of 
the mobile station for a channel shift request and moreover, the termination of a data transfer can be reported 
therethrough. Said two bits can therefore be used as follows: 
bits "11 " = move to the same channel 

bits "01" = move to traffic channel TCH 

45 bits "10" = switch to the common Random Access CHannel and the common Paging CHannel PCH 
bits "00" = transmission over. 

The switching on the transmission channel can be implemented in two ways. After the switch-on-the- 
channel command transfer, the mobile station is allowed to request for a channel in a "packet data channel 
request" message and to wait for a channel assignment message to be able to select the channel on which 

so the data traffic will take place. Another alternative is to read the message on the network side and if a channel 
switching is requested in the command bits, the "packet data assignment" message is sent without any "packet 
data request" message. The packet has been transferred to a plurality of RLP frames. One of the RLP frames 
is interlaced into 22 standard bursts of the TCH channel. 

Th transmission of data packets is described above In mobile station-originated mode in an instance ac- 

55 cording to the second embodiment. The instance in which packet data are transmitt d via the network to a 
mobile station differs from the above-mentioned case only in that the n twork reports the mobile station of 
future transmission in a particular "packet data paging request" message which it sends on a common Paging 
CHannel. The message is a modification of the paging of the GSM system being provided with a free bitcon- 
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figuration for this purpose. "001000011" is selected for the bit configuration. As an extension, a data field is 
added In the message, wherein the data to be transmitted to the user is transferred. After receiving said paging 
nnessage (or a series of paging messages including the packet), the mobile station opens a connection and 
acknowledges the packet. 

5 Fig. 14 presents schematically the events in temporal order when transmitting data packets via the net- 

work to the mobile station. The packet transfer takes first place on a traffic channel, moves on a random access 
channel, returns on the traffic channel and then on the random access channels. On the random access chan- 
nels the trafficking time runs out, and the connection is terminated forcedly. 

In view of the foregoing description it will be evident to a person skilled in the art that various modif k:attons 

10 may be made within the scope of the inventran. 

The scope of the present disclosure includes any novel feature or combination of features disclosed therein 
either explicitly or implicitly or any generalisation thereof irrespective of whether or not it relates to the claimed 
invention or mitigates any or all of the problems addressed by the present invention. The applicant hereby gives 
notice that new claims may be formulated to such features during prosecution of this'application or of any such 

IS further application drived therefrom. 



Claims 

20 1. A radio telephone system comprising: 

a mobile station; and 

a fixed station, wherein a parameter of the mobile station for setting up a data communication channel Is ca- 
pable of being stored by the fixed station and a parameter of the fixed station for setting up a data communi- 
cation channel is capable of being stored by the mobile station, for forming a virtual data communication chan- 
25 nel between the mobile station and the fixed station, thereby expediting establishment of a real data commu- 
nication channel. 

2. A system according to claim 1 , adapted to form the virtual data communication channel if a mobile station 
having data communication capability registers with the fixed station. 

3. Asystem according to claim 1 , adapted to form the virtual data communication channel if a mobile station 
30 registered with the fixed station requests the setting up of a data communication channel. 

4. Asystem according to any of claims 1 to 3, wherein the data communication channel is a channel usually 
reserved for speech communication. 

5. Asystem according to any of claims 1 to 3, wherein the data communication channel is a control channel. 

6. A system according to any preceding daim, wherein there is provided a control means for controlling 
35 communication between the mobile station, the fixed station and an external communication network. 

7. A system according to any preceding claim, wherein the data connmunication channel is adapted for 
transmitting packet data. 

8. A system according to any preceding claim comprising a digital time-division cellular network having a 
Mobile Switching Center, a base station controller connected thereto, and a plurality of base stations connected 

40 to said base station controller, and a plurality of mobile stations, whereby the radio channels between the mo- 
bile station and the base station comprise: 

- a Traffic CHannel (TCH) for transfer of speech and data, and a control channel in association with said 
channel, 

- a Random Access CHannel (RACH). whereon the mobile stations request a traffic channel, 

45 - a common Paging CHannel (PCH), whereon a base station sends a paging signal to a mobile station, 

- an Access Grant CHannel (AGCH), whereon the base station informs the mobile station of the traffic 
channel assigned thereto, wherein the control means is a packet data service unit and is connected to 
the Mobile Switching Center. (Agent).for connecting the cellular network to a data network. 

- on switching a mobile station to the packet data service unit, signalling characteristic of the setting up 
so of a connection to the network is performed, as a result of which the mobile station and the data service 

unit include stored a number of parameters of each other, said parameters including a Radio Link Pro- 
tocol (RLP) and forming a virtual channel, 

- when a mobile station wants to transfer or receive data packets, a packet data transfer channel is as- 
sembled between the mobile station and the data service unit, making use of the data of the virtual chan- 

55 nel. and therethrough by a substantially lesser amount of signalling than in channel assembly signalling 

typical of the network, one part of said transfer channel being a radio channel and the other part a time 
slot in a digital trunk line, 

- on terminated data packet transfer, at least said radk> channel is disassembled whereas the virtual chan- 
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nel is maintained to the release of the mobile station from the data service. 

9. System according to claim 8, wherein the packet data service unit (Agent) comprises means for 

- registering all mobile stations conn cted to a pack t data service under the control of the Mobile Switch- 
ing Center, 

5 - informing the mobile station of any data packets addressed thereto, 

- transferring data packets from the mobile station addressed to the rest of the network, 

- transferring messages to the mobile station entering from the rest of the network. 

- buffering data packets, 

- performing encrypting / decrypting, 

10 - performing compression /decompression of the data to and from the mobile station, 

- updating a data base of the location of the mobile stations, 

- receiving the data packets addressed to the paging channel, 

• renrK>ving the mobile station from the register after it is disconnected from the packet data service. 

10. System according to claim 8, or claim 9. wherein the packet data service unit (Agent) adapts the data 
15 packets from the network layer to virtual channel protocol packets, said virtual channel protocol packets be'mg 

composed of one or more radio traffic protocol (RLP) frames. 

11. System according to claim 10, wherein the virtual channel protocol packet is provided with an identi- 
fication part indicating whether the contents of a packet contain signalling data or upper layer data packet. 

12. System according to any of claims 8 to 11 , wherein when a mobile station wants to transmit data pack- 
20 ets. It sends on the random access channel a request for establishing a transfer channel, said request being 

a modification of the standard channel request of the network: 

13. System according to any of claims 8 to 12, wherein when data packets are transferred to the mobile 
station, the base station sends a message on the common paging channel to it about a data packet transfer 
to come, whereafter the mobile station sends on the random access channel a request to the base for estab- 

25 llshing a transfer channel, said request being a modification of the standard channel request of the network. 

14. System according to dalm 12 or 13, wherein the base station transmits the control channel data used 
In signalling to the mobile station, and transfer channel data. 

15. System according to claim 14, wherein after the signalling between the mobile station and the packet 
data service unit a second part of the packet data transfer channel is established, whereby the entire packet 

30 data transfer channel is ready for packet transfer. 

16. System according to claim 15, wherein said signalling is carried out on a Dedicated Fast Access CHan- 
nel. FACCH of the network. 

17. System according to any of claims 8 to 16, wherein a second part of the transfer channel is a direct 
PCM connection from the controller of the base station to the packet data service unit, whereby said part of 

35 the transfer channel is active irrespective of the packet data transfer. 

18 System according to any of claims 8 to 1 6, wherein the second part of the transfer channel is a variable 
time slot on the PCM trunk line, whereby said second part is disassembled after the termination of the data 
packet transfer. 

19. System according to any of claims 8 to 18, wherein the first part of the packet data transfer channel 
40 Is a traffic channel. 

20. System according to any of claims 8 to 18, wherein the first part of the packet data transfer channel 
is a random access channel when packet data are transferred from the mobile station to the packet data service 
unit, and the common paging channel when packet data are transferred from the packet data service unit to 

' the mobile station. 

45 21. System according to any of claims 8 to 18. wherein in the course of a transfer of packet data, the first 

part of the transfer channel is alternatively the traffic channel and the random access channel and the common 
paging channel. 

22. System according to any of claims 8 to 21, wherein a paging message transmitted to all mobile stations 
(broadcast) of the cell and to certain mobile stations (multicast) is transmitted on the data section of the mul- 

50 ticast and the broadcast protocol. 

23. A method of transmitting data in a radio telephone network comprising: 

storing a parameter of a mobile station for setting up a data communication channel at a fixed station; and 
storing a param ter of the fixed station for setting up a data communication channel at the mobile station, for 
forming a virtual data communication channel betwe n the mobile station and the fixed station, thereby ex- 
55 pediting establishment of a real data communication channel. 

24. A method according to claim 23, further comprising forming the virtual data communication channel 
if a mobile station having data communication capability registers with the fixed statbn. 

25. A method according to claim 23, further comprising forming the virtual data communication channel 

12 



XXID: <EP ^0642283A2J_> 



EP 0 642 283 A2 



if a mobile station registered with the fixed station requests the setting up of a data communication channel. 

26. A method according to any of claims 23 to 25, further comprising utilising a communication channel 
usually reserved for speech communication for data communication. 

27. A method according to any of claims 23 to 25. further comprising utilising a control channel as a data 
communication channel. 

28. A radio telephone adapted to store a parameter for setting up a communication channel of a fixed sta- 
tion for forming a virtual data communication channel with the fixed station thereby expediting establishment 
of a real data communication channel. 

29. A radio telephone according to claim 28. adapted to store said parameter if said radio telephone has 
a data communication ability and if said radio telephone registers with the fixed station. 

30. A radio telephone according to daim 28, adapted to store said parameter if said radio telephone is reg- 
istered with the fixed station and requests the setting up of a data communication channel. 

31. A radio telephone adapted for use in a system according to any of claims 1 to 22, 

32. A radio telephone adapted for use in a method according to any of claims 23 to 27. 
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- when necessary, perfonms compression / decompression between the phone and the agent, 

- updates the data base thereof (location updating). 

- receives messages addressed to the paging channel. 

Normally, the virtual channel is initialized when the user starts using the packet data service, and the chan- 

5 nel is terminated after the user leaves the service. During the time between the start and the termination, i.e. 
while being connected with the service, the mobile station is able to move and transfer from one cell to another. 
The handover function prerequires disassembling the virtual channel and assembling a new one. The handover 
is practically unobservable by the user. 

When entering the cell area, a mobile station listens to the System Info channel, characteristic of all cellular 

10 networks and constant transmission from the base station, being therethrough informed if the packet data ser- 
vice is in use in the network or in the cell. A System Info message may include an identification referring e.g. 
to the packet data service. When a mobile station wants to be connected to a packet data service, it transmits 
via a base station to the network a request for setting up a virtual channel. The request commences in the 
network a standard control signalling sequence utilized thereby and characteristic of said network, in which 

15 the authentication of the requester is checked, encrypting is started and the requester is provided with an in- 
terim identification number. The agent in association with the Mobile Switching Center, controlling the packet 
service, is also informed, whereby it includes the supervision of the mobile phone under the control thereof. 
The Mobile Switching Center maintains an ongoing register on the location of the mobile station, whereby hand- 
over from one cell to another is possible and a fast preparedness to transfer to data transmission or reception 

20 exists because there is no need for the phone to request separately for a traffic channel. 

Instead of a System info message, it is also possible to operate so that the mobile station requests the 
network via a short message service whether the packet data function is engaged. The network responds by 
an equal message of the short message service. The short message services SMS are a service mostly in- 
cluded in the digital networks. 

25 The control signalling associated with the management of the data connection between the data service 

unit (Agent) in association with the Mobile Station and the Mobile Switching Center MSG is executed along 
with the data messages In the signalling plane. The functions In the signalling plane are provided with functions 
for setting up, maintaining and terminating a connection between the cellular network and the other networks. 
It also includes functions for updating the register, authentication, and a function for providing an interim sub- 

30 scriber number TM SI. 

A plurality of protocols are available for use in the transfer of data packets between the mobile station and 
the data service unit (Agent). The radio interface sets, however, certain limits, such as a requirement for min- 
imizing the amount of data transmitted across the interface. The amount can be minimized by compressing 
the data section of the packets. The data are compressed prior to transmission e.g. by means of V.42bis com- 

35 pression algorithm, and the receiver decompresses the data using the same algorithm. Also the bit amount In 
the header of the data packets may be reduced. Such functions are attended to by a Virtual Channel Protocol, 
which also attends to the control messages between the agent and the mobile station, as well as adapts the 
packets of the upper protocols into the Radb Link Protocol (RLP) frames. 

After the virtual channel has been assembled between the mobile station and the base station, the mobile 

40 station can neither start nor receive ordinary calls. Instead, the transmission and reception of short messages 
SMS is possible. 

When wishing to transmit data packets, a mobile station sends a request to the network for channel as- 
signment. Since the majority of the signalling needed in establishing a channel has been already executed at 
the beginning of creating the virtual connection, the setting up of a data packet transfer channel extending 
45 from the mobile station to the agent required at this moment, is fast. This means a short time from the channel 
assignment request to transmission of packets. 

The transmission may be accomplished according to a first or second embodiment of the invention. When 
a user of the mobile station switches off the packet data function on termination of data transmission or when 
the network terminates the connection, the data route is disassembled and the radio channel is released; op- 
50 tionally, the virtual channel may be maintained. 

A packet data session refers to the time commencing when a us r starts a pack t data function (informs 
of his desire to be connected to the service), and ending when the user terminates the service. In the course 
of the session the user may transmit packets fc>oth to a terminal network and receive them from the source 
network. Roaming and handover are possible, in the course of a session one or several virtual channel con- 
55 nections are created, though only one at a time. 

In accordance with a first embodiment, the radio channel for a data route Is a standard traffic channel of 
a cellular system which is intended fortransfer of speech and non-packet shape data via broadcasting between 
a mobile station and a base station. When wishing to transmit data from a mobile station (i.e. mobile originated), 
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the station requests the network via a base station for a channel using the same signalling channel, as normally 
used when the station sends a request to connect a call. The signalling channel is a random access channel 
which ail mobile stations of the cell use. The channel runs from the mobil station to the base station, that is, 
it is a so-called uplink direction channel. Due to the random access, collisions may occur when channel re- 

5 quests enter simultaneously. In such an event the request has to be repeated. The request message includes 
a special bit configuration, an identification block with which the station reports of a service it wants to have, 
such as speech, data, packet data; in the present case, the identification configuration indicates that the de- 
sired service is transmission of packet data. 

After the network has processed the request and allocated the traffic channel, it transmits to the mobile 

10 station on the signalling channel a response containing information as to which traffic channel the station 
should move on to in order to transmit packet data. The channel on which the network responds to channel 
requests is a common Access Grant CHannel and is in a downlink direction. The mobile station tunes its trans- 
mitter on to the allocated traffic channel, and immediately starts transmitting packet data. The transmission 
lasts until all the data has been transmitted. The network may also start a particular counter or timer when 

15 the traffic channel has been allocated, whereby the transmission continues until the counter or timer expires. 
It is preferred to store the data to be transmitted in a buffer memory of the mobile station and to erase the 
memory by transmission. 

When packet data is transferred according to the first embodiment via the network to a mobile station (mo- 
bile terminated transfer), the only difference to a transfer in the opposite direction is that the network informs 

20 the mobile station of a packet data transmission to come. For transmitting such information, a common paging 
channel is used. All mobile stations within the range of the cell continuously listen to this common downlink 
paging channel (speech pagings are transmitted on this channel). When the mobile station has received a mes- 
sage indicating that packet data is coming In, it acts in the same way as in the mobile-originated case: it trans- 
mits a traffic channel request to the base station, receives data on the channel, and moves immediately on 

25 to the traffic channel assigned thereto, thus being prepared to receive data packets. On terminated data flow, 
the network disassembles the traffic channel, so that it is released for use of other mobile stations present 
within the range of the cell. The data to be transmitted is preferably stored in a data buffer of the data service 
unit (Agent) and the buffer is erased all at once. 

In accordance with the first embodiment, when transmitting packet data one traffic channel is reserved 

30 for such data which is normally used for transferring speech. On terminated transmission, the traffic channel 
is again free for use by any mobile station. The same mobile station may send another request for packet data 
transmission, whereby the sequence "channel request-transmission - channel release" can be repeated until 
the mobile station leaves the packet data service, and the virtual channel is disassembled. 

In accordance with a second embodiment of the invention, a signalling channel or a control channel is used 

35 either exclusively or as an alternative to the use of the traffic channel for the transmission of packet data. 

In accordance with the second embodiment, when a mobile station wishes to transmit data packets, i.e. 
mobile originated transfer, it sends a channel request page to a base station using the same random access 
channel upon which ordinary channel requests are transmitted. Said channel is in an uplink direction. All mobile 
stations of the cell employ the same channel for speech channel requests. The Mobile Switching Center de- 

40 cides, after receiving the request, which channel the mobile station should move to for data transmission. The 
channel can be either a standard traffic channel or a control channel. The control channel can be the same 
random access channel on which the channel requests are transferred from the mobile stations to the base 
station. The network establishes a traffic channel provided it has been selected to be the transfer channel. 
The base station transfers information to the mobile station on whether it is expected to use the standard traffic 

45 channel or the control channel for data transmission. Such information is transmitted on the Common Control 
CHannel, on the Access Grant CHannel, upon which channel the channel assignment is sent to the mobile 
stattons. The mobile station moves to the traffic or control channel thus assigned, starting immediately to trans- 
mit packet data. In the course of the transmission, the channel may be handed over from the traffic channel 
to the control channel, and vice versa, even several times. Oh terminated transmission, the channel is disas- 

50 sembled and it is released for other uses. The transfer ends after a given time elapses or when a "packets 
over" message is received from the station. 

If the network is required to transf r packet data to a mobile station, i.e. mobile terminated transfer, it in- 
forms the station via the standard common paging channel of a data packet transmission on the way. The pag- 
ing includes a particular identification part (bit configuration) Indicating that a packet data transfer is in ques- 

55 tion. In such paging the Identification of a second mobile station has been replaced by the user's data section, 
including a packet coming in to the user from outside. If a packet from outside cannot be accommodated in. 
one data section of the paging message, it is divided into several paging messages, all of which the mobil 
station receives, gathering one packet therefrom. When the mobile station has received the packet, It acts 
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